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Article history: Objective: To investigate the relationship between the q-angle and anterior knee pain sever-

Received 22 March 2015 ity, functional capacity, dynamic knee valgus and hip abductor torque in women with

Accepted 28 May 2015 patellofemoral pain syndrome (PFPS).

Available online 9 February 2016 Methods: This study included 22 women with PFPS. The g-angle was assessed using goniom-
etry: the participants were positioned in dorsal decubitus with the knee and hip extended,

Keywords: and the hip and foot in neutral rotation. Anterior knee pain severity was assessed using a

Knee visual analog scale, and functional capacity was assessed using the anterior knee pain scale.

Patellofemoral pain syndrome Dynamic valgus was evaluated using the frontal plane projection angle (FPPA) of the knee,

Manual strength dynamometer which was recorded using a digital camera during step down, and hip abductor peak torque

was recorded using a handheld dynamometer.
Results: The g-angle did not present any significant correlation with severity of knee pain
(r=-0.29; p=0.19), functional capacity (r=—0.08; p=0.72), FPPA (r= —0.28; p=0.19) or isomet-
ric peak torque of the abductor muscles (r=—-0.21; p=0.35).
Conclusion: The g-angle did not present any relationship with pain intensity, functional
capacity, FPPA, or hip abductor peak torque in the patients with PFPS.
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Palavras-chave:

Joelho

Sindrome da dor patelofemoral
Dinamoémetro de for¢ca manual

Angulo-q na dor patelofemoral: relagio com valgo dindmico de joelho,
torque abdutor do quadril, dor e funcao

RESUMO

Objetivo: Investigar a relacdo entre o dngulo-q e intensidade da dor anterior no joelho,
capacidade funcional, valgo dindmico de joelho e torque abdutor do quadril em mulheres
com sindrome da dor patelofemoral (SDPF).

Meétodos: Participaram do estudo 22 mulheres com SDPF. O angulo-q foi avaliado pela
goniometria, as participantes foram posicionadas em decubito dorsal com joelho e quadril
estendido e quadril e pé em rotacdo neutra. A intensidade da dor anterior do joelho foi
avaliada pela escala visual analdgica de dor e a capacidade funcional com a escala de dor
anterior no joelho. O valgo dinamico foi avaliado pelo dngulo de projec¢do no plano frontal
do joelho (APPF), registrado com cémera digital durante step down, e o pico de torque dos
abdutores do quadril com dinamémetro manual.

Resultados: O angulo-q ndo apresentou correlacdo significativa com a intensidade da dor
no joelho (r=-0,29; p=0,19), capacidade funcional (r=-0,08; p=0,72), dngulo de projecao
no plano frontal do joelho (r=-0,28; p=0,19) e pico de torque isométrico dos musculos
abdutores (r=-0,21; p=0,35).

Conclusdo: O angulo-q ndo apresentou relagdo com a intensidade da dor, capacidade fun-
cional, angulo de projecao no plano frontal do joelho e pico de torque dos abdutores do

quadril em pacientes com SDPF.
© 2016 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier

Editora Ltda. Todos os direitos reservados.

Introduction

The g-angle was first described by Brattstroem.! This angle
is formed by the intersection of two lines that cross at the
center of the patella: one going from the anterosuperior iliac
spine (ASIS) to the center of the patella and the other from
the anterior tuberosity of the tibia to the center of the patella;
and the other from the anterior tuberosity of the tibia to the
center of the patella." The g-angle is widely used for evalu-
ating patients with knee problems, especially patellofemoral
pain syndrome (PFPS). The larger the g-angle is, the greater
the lateralization force on the patella, which increases the
retropatellar pressure between the lateral facet of the patella
and the lateral femoral condyle.? The continuous compressive
forces between these structures may give rise to PFPS and, over
the long term, cause degeneration of the joint cartilage of the
patella.”? Huberti and Hayes* reported that a 10% increase in
the g-angle increased the stress on the patellofemoral joint
by 45%.

However, there are divergences in the literature regarding
the relationship between the g-angle and PFPS in case—control
studies.>® Moreover, prospective studies have not supported
the hypothesis that greater q-angles are a risk factor for devel-
opment of PFPS.”?

Not only does the g-angle affect the static alignment of the
lower limb in the frontal plane, but also the lever-arm dis-
tance between the centers of the hip and knee joints alters
the capacity of the hip abductor muscles to generate torque.'°
However, it is questionable whether the static valgus (g-angle)
affects the dynamic valgus of the knee and the peak iso-
metric torque of the hip abductor muscles. Furthermore, few

studies have correlated the g-angle with knee pain intensity
and functional capacity among women with PFPS.1%1?

Thus, the objective of this study was to ascertain the rela-
tionship of the g-angle with knee pain intensity, functional
capacity, projection angle in the frontal plane and peak iso-
metric torque of the hip abductor muscles, among women
with patellofemoral pain. Our hypothesis was that the q-angle
would have positive correlations with the dynamic valgus of
the knee and with the intensity of anterior knee pain; and that
it would present negative correlations with the peak isometric
torque of hip abduction and with functional capacity, among
women with PFPS.

Materials and methods
Participants

A cross-sectional study was conducted on 22 women with
PFPS, of ages 19-45 years. Women were selected for this study
because of the high incidence of PFPS in this population, in
comparison with men, and because of the structural, strength-
related and kinematic differences in the hips between the two
sexes. The age group was chosen so as to exclude possible
degenerative alterations to the knee and hip.'* The partici-
pants were recruited by means of personal communication,
through orthopedic clinics and through leaflets disseminated
within our university.

The present study was approved by the research ethics
committee and all participants signed a free and informed
consent statement.
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The patients included in the patellofemoral group (PFG)
presented patellofemoral pain that was reproduced in at
least two of the following activities: going up or down stairs,
squatting, kneeling, remaining seated for a long time, per-
formingisometric hip contraction, jumping and running. They
reported feeling pain upon palpation of the lateral and/or
medial facet of the patella; insidious pain that had lasted for
at least three months; pain scoring at least three on a visual
analog scale (VAS) for pain;'* pain upon compression of the
patella with the knee flexed at 15° or with palpation of the lat-
eral retinaculum against the posterior surface of the patella;'”
and at least 86 points on the pain scale for anterior knee pain
(maximum =100 points).'°

The following women were excluded from both groups:
those with previous surgery on their knees, hips, ankles
and/or spine; histories of patellar dislocation; clinical evidence
of knee instability; meniscal lesions or other intra-articular
lesions; evidence of edema; Osgood-Schlatter or Sinding-
Larsen-Johanssen; patellar tendinopathy; chondral lesions;
osteoarthritis; body mass index (BMI) greater than 28 kg/m?;
structural abnormalities in the spine; discrepancy of leg
length of 2cm, evaluated by means of real and apparent
measurement; neurological involvement that compromised
the ability to walk; lumbar pain for more than two weeks
over the last six months; or muscle or joint injuries in
the hip.

Procedures

All the evaluations were made by the same investigator, who
had five years of clinical experience. Only the symptomatic
limb (or the most symptomatic limb) was evaluated in each
patient.

Q-angle

The g-angle was evaluated by means of a universal goniome-
ter, with the participant in dorsal decubitus and with the
hip and knee completely extended, hip in the neutral rota-
tion position and feet in the neutral position. The angle was
calculated by means of the intersection formed by two lines
crossing at the center of the patella. The first line went
from the ASIS to the center of the patella and the second
from the anterior tuberosity of the tibia to the center of the
patella.’ The intra and inter-evaluator reliability of g-angle
measurements using a goniometer has been well established
in the literature'® and the correction through MRI evaluation
is moderate.®

Functional capacity and pain

The intensity of the pain was evaluated by means of a VAS.
This scale ranged from 0 (absence of pain) to 10 (maximum
pain) and is reliable and valid for pain complaints in the
knee.'® Functional capacity was evaluated using the ante-
rior knee pain scale (AKPS), which is a questionnaire with 13
items and scoring between 0 (worst possible) and 100 (best
possible).?°

Dynamic knee valgus

Knee kinematics during step-down was evaluated by means
of filming in 2D using a digital camera (Sony Cyber-shot DSC-
W35; 7.2 megapixels). The frontal plane projection angle (FPPA)
of the knee was defined. Three self-adhesive markers were
placed: at the midpoint between the medial and lateral malle-
oli; at the midpoint between the medial and lateral femoral
condyles; and at a position 30 cm above the knee marker, fol-
lowing a straight line from this marker to the anterosuperior
iliac spine (ASIS).*

The height of the step was standardized by taking into
account 10% of the height of each individual. Each partici-
pant’s foot was positioned on a standard line and the point
at which the heel touched the ground was standardized at
a distance of 5cm from the step. The digital camera was
at a distance of 2m from the step, at the level of the knee
that was to be evaluated. Before the subjects did the tests,
they were given verbal guidance about how to do them
properly, with a demonstration of the depth and speed of
the test, but without specifying the orientation of the hip
and knee.

All the participants performed three tests, with 60s of res-
ting between them, as the effective start of the test. Each
step-down was done for 5 s, referring to the eccentric and con-
centric phases, and were marked using a chronometer. The
foot participants (1s) were instructed to perform the step-
down slowly until the heel of the suspended foot touched the
ground (3s). This was followed by a slow return to the ini-
tial position (5s). After a period of adaptation to the test, the
mean from five tests was used for the analysis on each lower
limb.™

A sequence of images was captured using the VirtualDub
software (copyright 1998-2009 Avery Lee). The FPPA was cal-
culated through the postural assessment software (PAS) v.
0.68, based on digitizing spatially defined points that enabled
measurement of body angles. The values of the FPPA were con-
sidered to be negative when the knee marker was medial to
the thigh and ankle (dynamic valgus), and were considered to
be positive when the knee marker was lateral to the other two
(dynamic varus).'

Abductor torque of the hip

Muscle strength was evaluated using a manual dynamometer
(Nicholas Manual Muscle Tester, Lafayette Instrument Com-
pany, Lafayette, Indiana, USA). Studies have demonstrated
that this equipment has excellent reliability in intra and inter-
observer evaluation.?>??

Belts were used to stabilize the hip and dynamometer
and to eliminate bias due to the force exerted by the evalu-
ator. Before the participants started the test, they were asked
to perform maximum isometric contraction on each muscle
group in order familiarize themselves with the procedures and
equipment. After this process, they were asked to perform
three maximum isometric contractions, and the mean from
each muscle group was taken for analysis. The duration of
each contraction was standardized as five seconds, and this
was followed by 30s of resting. A resting period of one minute
prior to evaluating another muscle group was established. In
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the event of any compensation that might have compromised
the test result, or any occurrence of discrepant values, the
test was disregarded and was repeated after 20s. To analyze
the data, the force (N) was converted into torque (Nm) and
was normalized with body weight (kg), through the following
formula: (Torque [Nm]/Weight [kg]) x 100.

The torque of the hip abductors was evaluated with the
patient in lateral decubitus on an examination bed. The limb
to be evaluated was positioned at hip abduction of 20°, exten-
sion of 10° and neutral rotation, with the knee extended. The
non-evaluated limb was positioned at hip and knee flexion
of 45°. The center of the dynamometer was positioned 5cm
proximally to the center of the lateral malleolus. The lever arm
was measured as the distance from the center of the greater
trochanter to the center of application of the dynamometer on
the lower limb.

Statistical analysis

The Shapiro-Wilk test was used to ascertain whether the data
showed normal distribution. Descriptive analyses (mean and
standard deviation) were performed on all the variables.

Pearson’s correlation coefficient was used to analyze the
associations between the g-angle (independent variable) and
the pain intensity, functional capacity, dynamic knee valgus
and hip abductor torque (dependent variables). The values
of r were interpreted as follows: 0-0.19 =none; 0.2-0.39 = low;
0.4-0.69 =moderate; 0.7-0.89 = high; and 0.9-1=very high. For
all the statistical analyses, the SPSS 17.0 software for Win-
dows was used (Statistical Package for the Social Sciences
Inc., Chicago, IL, USA), and the significance level was taken to
be 5%.
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Table 1 - Clinical and anthropometric characteristics of

the patients with patellofemoral pain syndrome
(mean + SD).

Mean SD
Age (years) 28.1 9.3
Weight (kg) 59.9 7
Height (m) 1.63 0.07
BMI (kg/m?) 224 2.6
Duration of pain (months) 22.1 16.5
Q-angle (degrees) 17.8 2.7
VAS (0-10) 5.8 1.8
AKPS (0-100) 71 10.1
FPPA (degrees) -11.9 5.9
Hip abduction (Nm/kg) 75.5 24.6

BMI, body mass index; VAS, visual analog scale for pain; AKPS, ante-
rior knee pain scale; FPPA, frontal plane projection angle.

Results

The demographic and clinical characteristics of the patients
with PFPS are shown in Table 1.

The g-angle did not present any significant correlation
with pain intensity (r=-0.29; p=0.19), functional capacity
(r=-0.08; p=0.72), dynamic knee valgus (r=—0.28; p=0.19) or
hip abductor torque (r=—-0.21; p=0.35) (Fig. 1).

Discussion

The objective of this study was to ascertain the relationship
between the g-angle and the variables of pain intensity, func-
tional capacity, FPPA of the knee and peak isometric torque of
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Fig. 1 - Correlations between (A) q-angle and visual analog scale (VAS) for pain, (B) q-angle and anterior knee pain scale
(AKPS), (C) q-angle and frontal plane projection angle (FPPA) and (D) q-angle and hip abductor torque.
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the hip abductor muscles. However, the present study did not
find any relationship between the g-angle and the dependent
variables analyzed.

It has been theorized that an excessive g-angle is related
to development of PFPS, through increased compressive forces
between the lateral facet of the patella and the lateral femoral
condyle.>* Nevertheless, this hypothesis has not been con-
firmed through prospective studies. Thijs et al.® and Ramskov
et al.” prospectively monitored novice street runners and
found that the g-angle did not differ between the athletes who
developed PFPS and those who did not. Thus, they did not
consider it to be a risk factor. Similar findings were reported
by Boling et al.” from a prospective study on 1319 partici-
pants, with three years of follow-up. Furthermore, a recent
systematic review with meta-analysis®® confirmed the lack of
relationship between an excessive g-angle and development
of PFPS.

Excessive dynamic knee valgus is an abnormality of neu-
romuscular control over the lower limb. This creates a lateral
force vector on the patella and increases the compressive
loads between the lateral face of the patella and the lateral
femoral condyle.?* Studiers have demonstrated that patients
with PFPS present greater dynamic knee valgus than do con-
trols without PFPS.'>?> Theoretically, an excessive g-angle
may favor excessive dynamic knee valgus because of the more
medial orientation of the knee in the frontal plane. How-
ever, our results show that patients with an excessive g-angle
do not have greater dynamic knee valgus. Corroborating our
findings, it has been suggested that the magnitude of the g-
angle has minimal effect on alterations of the kinematics of
the lower limb and does not increase the knee joint angle in
the sagittal and transverse planes during running.’® Pantano
et al.”’ reported that individuals classified as having a larger
g-angle (>17°) did not present a greater knee valgus angle, in
comparison with those with smaller g-angles (<8°). Interest-
ingly, the negative correlation between the g-angle and the
knee abduction moment indicates that greater q-angles are
associated with smaller dynamic valgus.'”

Weakness of the hip abductor muscles has consistently
been found in patients with PFPS, with deficits ranging from
21 to 29%, in comparison with controls without PFPS.”® The
capacity of the hip muscles to control excessive dynamic knee
valgus depends on their capacity to generate torque. Factors
that modify the lever arm of the lower limbs may alter the
capacity of the hip muscles to generate torque. Studies have
shown that anatomical alterations of the hip in the frontal
plane, such as femoral offset, are correlated with the strength
of the hip abductor muscles.”” However, we did not find
any studies investigating the relationship between anatom-
ical alterations in the frontal plane of the knee (g-angle) and
the strength of the hip muscles. Our results do not support
the hypothesis that the g-angle has a relationship with the
capacity of the hip muscles to generate torque.

Increased patellofemoral stress may result in increased
intensity of anterior pain in the knee, with consequent
diminution of functional capacity and an early degenerative
process in the patellofemoral joint.? However, we did not find
any relationship between the g-angle and the intensity of
anterior knee pain and functional capacity among women
with PFPS. Similar results were found by Piva et al.,’* who did

not find any evidence for a relationship between the g-angle
and pain and functional capacity. Livingston and Mandigo'?
did not fund ant correlation between the g-angle and the
intensity of knee pain among patients with PFPS.

The absence of prospective studies supporting the hypoth-
esis that the g-angle is a risk factor for PFPS®® and the
lack of relationship between the g-angle and pain intensity,
functional capacity'! and variable that are potentially modifi-
able through physiotherapy (dynamic valgus and hip muscle
strength) diminish the clinical relevance of evaluating the g-
angle as the focus of prevention and treatment of PFPS.

It is important to highlight that the present study has
some limitations. The cross-sectional nature of this study
did not allow cause-and-effect relationships to be established
between the variables analyzed and PFPS. Patellofemoral pain
is of multifactorial origin, and other possible anatomical,
biomechanical, neuromuscular and psychological factors that
were not studied may vary according to the g-angle.

Conclusion

The g-angle did not present any relationship with pain inten-
sity, functional capacity, frontal plane projection angle of the
knee or peak isometric torque of the hip muscles. It can be sug-
gested that evaluating the g-angle may not bring additional
information for treating patients with PFPS. Thus, physiother-
apeutic assessment and treatment should be directed toward
other potentially modifiable variables.
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